Recent advances in genomics and related technologies have the potential to improve health care throughout the world. In this cross-sectional study, we examine genetics education, knowledge, and genetics-related experiences among the nurses and physicians who provide primary care in a Brazilian city. Fifty-four healthcare professionals from family health units participated in the study (response rate: 90%). Data were collected using a structured 36-item questionnaire divided into five axes: sociodemographic data and academic background; genetics education; genetics knowledge; genetics-related experiences in family practice; and knowledge regarding the National Policy for Comprehensive Care in Clinical Genetics in the Unified Health System. Although most participants (85.2%) acknowledged receiving some genetic content during their undergraduate education, the majority (77.8%) advised that they did not feel prepared to deliver genomics-based health care in primary care. The results suggest that nurses and physicians often lack the knowledge to provide genomics-based health care in primary care. Therefore, continuing education in genetics/genomics should be provided to primary healthcare professionals in order to enhance family practice and compliance with national policies.
INTRODUCTION
Recent advances in genomics and related technologies have the potential to improve health care throughout the world (Battista et al., 2012; Mattick et al., 2014) . Genomic information and technologies arising from the Human Genome Project (HGP) have led to the development of measures for risk reduction and disease prevention, as well the provision of individualized and personalized care based on an individual's metabolism and genetic profile (Calzone et al., 2010; Syuruna et al., 2011; Godino et al., 2013) . Recognition that complex disorders such as cancer, diabetes, and heart disease have genomic determinants has resulted in changes to public health policies to include the promotion of more prevention strategies (Kaye, 2012) . Being able to classify a tumor according to its mutations and corresponding drug sensitivities assists healthcare professionals to make patient-specific decisions about cancer treatment (Mattick et al., 2014) . Furthermore, the introduction of next-generation sequencing technology has marked the beginning of a new era related to the analysis of human genome sequences (Mardis, 2011; Mitropoulos et al., 2015) . Next generation sequencing technologies have facilitated large-scale studies that have served as a further catalyst to the application of genomics to health care, including within the fields of pharmacogenomics and epigenomics (Lea et al., 2011; Mardis, 2011; Clark et al., 2013; Mitropoulos et al., 2015) .
The optimal integration of genetic services into existing healthcare systems is a concern in many parts of the world (Battista et al., 2012) . This is especially true in developing/ resource-limited countries, where significant barriers exist, often related to a lack of tangible resources, technology, and knowledge transfer (Mitropoulos et al., 2015) . There is growing recognition that for the optimal integration of genetic services to occur there will need to be a reconfiguration of professional roles and responsibilities (Battista et al., 2012) . It is unlikely that there will ever be enough genetic specialists to meet the growing demand for genetic services. Therefore, greater sharing of expertise and genetic information among genetic specialists and non-genetic specialists needs to occur. Moreover, all primary care healthcare professionals need to be prepared to provide basic genetic services.
To date, much of the existing research on knowledge of genetics/genomics among nurses and physicians has been conducted with healthcare professionals from either North America or Europe. There has been limited research of healthcare professionals from South America. This crosssectional study examines genetic education, genetics knowledge, and genetics-related experiences among nurses and physicians who provide primary care in a Brazilian city.
Literature review
Findings from a systematic review of nurses' knowledge of genetics/genomics and nurses' competence in genetics indicate that knowledge of genetics/genomics is generally poor among nurses (Godino & Skirton, 2012; Skirton et al., 2012a) . In addition, genetic content is lacking in many nursing programs (Skirton et al., 2012a) . However, on a positive note, the findings confirm that nurses are open to genetics education (Godino & Skirton, 2012) . Several factors contribute to the lack of progress in integrating genetics/genomics into nursing education, such as a shortage of nursing faculty prepared to teach genetics/genomics, and failure to recognize the value of genetics/genomics in nursing practice (Umberger et al., 2013) . Studies conducted in a variety of countries have linked the lack of genetics education in nursing programs with the difficulties these professionals have in delivering genomicbased health care (Kim, 2003; Tomatir et al., 2006; Kiray et al., 2009; Gharaibeh et al., 2010; Godino et al., 2013) . Therefore, more genetic/genomic knowledge, practical experience in genetics and genomics, and guidelines related to genetics education are essential to address the deficit (Pestka et al., 2013; Anderson et al., 2015; Seven et al., 2015) .
Cultural context needs to be taken into account when including genetics/genomics in an educational program, thus, it is crucial to conduct research about nurses' knowledge of genetics/genomics in different countries (Skirton et al., 2012b) . In addition, all healthcare professionals should be able to provide genetic information, education, and support to individuals with a current or potential genetic condition (DaackHirsch et al., 2011; Godino et al., 2013) .
In order to achieve this goal, healthcare professionals require a basic knowledge of genetic principles and the ability to integrate genomics into their daily clinical practice (Thompson & Brooks, 2011; Boyes, 2013; Umberger et al., 2013; Seven et al., 2015) . In Brazil, the need has been recognized to structure the Unified Health System (SUS) -a network of regionalized and hierarchical services -to provide comprehensive care in clinical genetics (Brazil, 2009; Lopes-Júnior et al., 2014a; Passos-Bueno et al., 2014; Ashton-Prolla et al., 2015) . In 2009, Brazil's Ministry of Health proposed a plan of action to pursue this challenge (Brazil, 2009) . The government agency launched the "National Policy for Comprehensive Care in Clinical Genetics at SUS" (Política Nacional de Atenção Integral em Genética Clinica no SUS; NPCCCG) to organize the provision of genetic services and the follow-up of patients and families affected by or at risk of genetic disorders. This policy establishes guidelines that have potential application in middleincome countries like Brazil (Brazil, 2009; Lopes-Júnior et al., 2014a; Passos-Bueno et al., 2014) .
Primary health care (PHC) settings in Brazil remain the most effective way to provide access to healthcare services. The Family Health Strategy (FHS) is the most important PHC strategy across the country, covering approximately 96 million people (50.7% of the population) in more than 5,200 cities, through 30,328 multiprofessional health teams (Paim et al., 2011; Silva et al., 2013a) . The FHS was developed to deliver PHC services through health teams consisting of a physician, a nurse, a nurse assistant, and community health visitors (Escorel et al., 2007) . The multiprofessional teams' health actions (health promotion, prevention, treatment, and rehabilitation) take place at Family Health Units (FHUs) implemented at the municipal level, as well at a household level via frequent home visits (Escorel et al., 2007; Paim et al., 2011; Lopes-Júnior et al., 2014b) .
Healthcare professionals in PHC are able to manage conditions with genetic predisposition and their comorbidities (Battista et al., 2012) . Genetic-related activities that can be performed at PHC level include, for example, family history assessment, early clinical diagnosis and interventions, and genetic counseling. All of these can contribute to decreasing morbidity and mortality, thereby promoting family health Vieira et al., 2013; Passos-Bueno et al., 2014; Ashton-Prolla et al., 2015) .
Previous studies have identified a gap in healthcare professionals' knowledge and skills regarding genetics. This poses a challenge to deal effectively with families affected by diseases with genetic predisposition (Suther & Goodson, 2003; Nippert et al., 2011; Godino et al., 2013) . Primary care providers may not be prepared to interpret genetic information, even for the most common genetic diseases (Kaye, 2012) . Despite such a gap, this issue has not been well studied in primary care settings in Brazil. Therefore, we to examine genetics education, knowledge, and genetics-related experiences among nurses and physicians who provide primary care in a Brazilian city.
METHODS

Design
A cross-sectional survey was undertaken in all FHUs of an interior city located in São Paulo, Brazil.
Setting and participants
At the time this study was conducted, there were 30 FHUs covering 70% of the population in the city. These FHUs assisted approximately 110,000 people in areas where the population was considered underserved as a result of their low-income status (Marin et al., 2013) . As each FHU has one physician and one nurse, the study population consisted of 30 physicians and 30 nurses.
Data collection
The first draft of the data collection instrument was developed based on: (i) a comprehensive literature review; (ii) the researchers' expertise in the Research Group Nursing in Genetics and Genomics (CNPq/Brazil); and (iii) with the collaboration of an expert -a physician and member of the Brazilian Society of Medical Genetics involved with the establishment of the NPCCCG. An expert committee, composed of two geneticists and one public health nurse, assessed the instrument contents for face and content validity. The final version of the data collection instrument was a 36-item closed-response questionnaire divided into five axes: (i) sociodemographic characteristics and academic background; (ii) genetic education, for the purpose of identifying the genetic contents included in participants' undergraduate education; (iii) genetic knowledge, which addressed birth defects and genetic counseling concepts; (iv) genetics approach in PHC, aimed at identifying genetics-related experiences in this scenario; and (v) knowledge of the NPCCCG.
Before starting data collection, a pilot study was undertaken in 2010. In this phase of the research, three physicians and three nurses, who served as medical and nursing student supervisors at the FHU, were randomly selected to participate. In their opinion, the questionnaire was clear and objective, with an approximate completion time of 20 min. All of the potential participants were then contacted by phone and, if they voluntarily agreed to participate in the research, an appointment was made to provide them with the questionnaire and an informed consent form. A two-week deadline was set for the participants to fill in the questionnaire. The principal investigator personally collected the completed questionnaires at each FHU. Data were collected between January and August 2010.
Ethics considerations
Approval was obtained from the Institutional Review Board of the Marilia Medical School (FAMEMA) under protocol number 736/2009. The participants were informed about the purpose of the research and assured of confidentiality and anonymity. Data were collected and stored in a manner compliant with Brazilian data protection regulations.
Data analysis
A coded database was elaborated and analyzed using the statistical software Epi Info ™ Version 3.5.2 (CDC, Atlanta, GA, United States). Initially, a Shapiro-Wilk test was performed to check the normality distribution. Numerical variables with normal distribution were presented as absolute and relative frequencies and categorical data were reported as proportions, using relative frequency distribution. The study variables, including sociodemographic characteristics and academic background, genetic education, genetic knowledge, genetics in PHC, and knowledge of the NPCCCG, were presented descriptively. The chi-square test (χ 2 ) was used to detect bivariate statistical associations between the categorical variables. All analyses were performed with 95% confidence intervals and statistical significance was set at α = 5%.
RESULTS
A total of 54/60 (response rate: 90%) questionnaires were returned by 24 physicians and 30 nurses. The majority of the participants were women (77.8%), with a background in nursing (55.6%), and had graduated after the year 2000 (66.9%; Table 1 ). Participants' knowledge related to genetics in their undergraduate and graduate programs and the approach used to address genetics content in academic education are detailed in Tables 1 and 2 , respectively.
In terms of academic degrees, 90% of the nurses were specialists and 10% held a master's degree; 58.3% of the physicians were specialists and 4.2% held a master's degree. A statistically significant difference was observed between the professional categories (χ 2 = 19.3; P = 0.012; Table 2 ). Regarding the participants' experiences with genetics in PHC, most (66.7%) agreed that genomic-based health care could be delivered without the need for highly complex laboratory technologies. Although 72.2% of participants acknowledged the importance of genetic counseling (GC) in PHC, 79.6% had never performed it in their professional practice; 88.9% were unfamiliar with the ethical aspects of GC; and 62.9% did not know any institution that offered this kind of service. All 15 participants who appropriately answered the question regarding the definition of GC knew of at least one Brazilian center that offered this kind of service.
Our results showed that 46.2% of the participants had already used a pedigree as a tool to register their patients' family history. Among the 30 nurses, 18 (60.0%) had never used the pedigree and two (6.7%) did not know how to use it. Regarding the physicians' experience with family history, out of 24 professionals, 15 (62.5%) stated that they had previously drawn a pedigree. When comparing the professional categories, there was a statistically significant association (χ 2 = 20.82; P = 0.013; Table 3 ). Of the 25 healthcare professionals who had previously drawn a pedigree, 16 knew of at least one GC service in Brazil. A statistically significant association was observed between the two professional categories. A higher number of physicians than nurses knew of at least one genetic center (χ 2 = 38.20; P = 0.001; Table 3 ). A comparison between the two professional categories showed a statistically significant association, as a higher number of nurses knew the NPCCCG compared with physicians (χ 2 = 44.90; P < 0.001; Table 3 ). Most of the PHC professionals (87%) had previously provided care to a patient with a genetic disorder; however, 77.8% answered that they did not feel prepared to deliver this kind of care. The majority (66.7%) indicated that patients with or at risk of genetic diseases were referred to specialized services, but 33.3% answered that they were not sure how to proceed in this situation and where patients should be referred. Among the participants, 77.8% had never worked in the field of genetics or had no experience in clinical genetics, and 90.7% had never participated in any training or health education program about genetic disease screening and/or about GC.
With regard to the GC concept, only 27.7% of the participants demonstrated appropriate knowledge, although no statistical associations were verified between the professional categories (χ 2 = 0.30; P = 0.587). Birth defects were another concept that was investigated. When asked about the definition of birth defects, 77.7% of the respondents were able to define it, and no statistical associations were observed between the physicians' and nurses' answers (χ 2 = 0.29; P = 0.587). Half the participants were aware of the proportional increase in deaths attributable to birth defects, the second highest cause of childhood mortality in Brazil; however, only 33.3% acknowledged their impact on childhood mortality in Brazil. When comparing the professional categories in this respect, no statistically significant difference was found (χ 2 = 0.35; P = 0.587; Table 3 ).
Most of the respondents (70.3%) were not familiar with the NPCCCG. Regarding the 15 professionals who knew about the policy, 14 agreed with the possibility of offering 
DISCUSSION
The importance of genetics education for all healthcare professionals has been recognized internationally (Jenkins & Calzone, 2012; Lopes-Júnior et al., 2015; Anderson et al., 2015) . In this study, we investigated nurses' and physicians' academic background in genetics, their experiences concerning the applicability of this science in PHC, and their knowledge on the contents addressed in the NPCCCG. To the best of our knowledge, this is the first study to address the knowledge and experience of family health teams regarding genetics in primary care in Brazil. The results demonstrated that nurses and physicians are not well prepared to apply their knowledge of genetics in primary health services, highlighting the need to offer competency-based education programs in genetics and genomics to Brazilian healthcare professionals.
Although efforts are being made, physicians and nurses are not yet fully prepared to deliver genomic-based health care (Harvey et al., 2007; Calzone et al., 2010) . Therefore, more needs to be done to indoctrinate healthcare professionals, as well as students, to genomics-based health care (Calzone et al., 2010) .
In Brazil, only two studies have assessed genetics education (Porciuncula, 2004; Lopes-Júnior, 2013) . A survey conducted in 2004 shows great heterogeneity of content in medical schools. There is a strong presence of genetics within the socalled "basic cycle," as well as increasing indoctrination into professional practice, particularly with the inclusion of specific medical genetics disciplines in the clinical cycle (Porciuncula, 2004) . The same author indicated that the number of schools offering clinical genetics courses are below expectations and that most physicians showed knowledge gaps in genetics. For example, they did not recognize the genetic basis of diseases they were dealing with, did not know how to refer to genetic services, and/or did not attribute the necessary importance to the process of GC (Porciuncula, 2004; Horovitz et al., 2013) .
Another recent study that aimed to map the opportunities for education in genetics and genomics offered at 311 Brazilian undergraduate nursing school programs showed that nursing faculties still use traditional approaches for teaching genetics/ genomics in nursing. Moreover, the study reported that genetic and genomic content is extremely diverse and called for a theory-practice approach, focused on delivering genomicbased health care in clinical practice, including in PHC settings (Lopes-Júnior, 2013) .
Our results also suggest that, of the physicians and nurses who received genetics content in their undergraduate program, the majority (57.4%) indicated that this content was not applicable to clinical practice. This gap may indicate the importance of preparing the workforce in order to enhance professionals' confidence to deliver GC (Harvey et al., 2007; Calzone et al., 2011; Jenkins & Calzone, 2012) . Their lack of understanding about the current value of genetics and genomics in health care represents a barrier that limits the potential benefits to patients . However, all participants considered the inclusion of genetics teaching in undergraduate programs important and believed in the potential of its application in clinical practice.
Similar to our results, the findings of a study by Seven et al. (2015) also indicated that nurses wished to receive continuing education in genetics, regardless of their knowledge levels. Those who had taken genetics courses in their undergraduate nursing program felt more confident and were motivated for further education in genetics. In addition, Kim (2003) confirmed that nurses' level of knowledge has a positive effect on their interest in genetics.
A previous study identified the following barriers to integrating genetics and genomics into clinical practice: lack of knowledge of genetics and lack of self-confidence in pedigree construction in order to register a detailed family history; and lack of security of genomics practice, risk identification, and taking responsibility for referring patients to a genomic medicine service (Suther & Goodson, 2003; Calzone et al., 2010) . Likewise, other researchers have reported insufficient knowledge of basic genetics concepts (Irwin et al., 2004; Barr & McConkey, 2007; Skirton et al., 2010a Skirton et al., ,2010b Houwink et al., 2011; Godino et al., 2013) . Instead of considering only basic genetics, it is also crucial to understand the ways in which nurses can integrate a genetic focus on practice, in order to enable them to help patients and their families understand genetic characteristics, transmission, and how the expression of disease varies depending on the environment (Lea, 2002) . In fact, this might have implications for the continuation and management of family nursing practice.
We observed that 66.7% of the participants agreed that, in primary care, genomic-based health care could be delivered without the need for highly complex laboratory technologies. It has been previously reported that many primary care physicians perceive genetics as a low practice priority and are uncertain about whether genomic discoveries would influence PHC (Suther & Goodson, 2003) . Genomic-based health care is usually associated with high cost, thus, most professionals do not consider it a priority. This reflects individuals' and professionals' lack of understanding, resulting from most healthcare professionals' lack of knowledge of genetic risks and disease prevention strategies (Houwink et al., 2011; Lopes-Júnior et al., 2014a) .
Participants commented on the difficulties of correctly referring patients to genetic services, indicating a lack of these services in Brazil. We emphasize that, in Brazil, the number of these services to fulfill the real needs of the population is underestimated. Furthermore, most genetic services in Brazil are concentrated in the south and southeast regions . Notably, universities, research centers, and university hospitals are the main sources that provide genetics and genomics-based health care (Flória-Santos et al., 2013; Horovitz et al., 2013) . The results of a qualitative focus group study conducted with primary healthcare professionals showed the main challenges to improve the delivery of genomics-based health care in PHC: (i) knowledge gaps in genetics education of the healthcare professionals; (ii) difficulties in risk assessment skills through family history; and (iii) difficulties in referring patients to specialized institutions (Houwink et al., 2011) . In another study, in the United Kingdom, most of the referred cases involving people with low genetic risk could be solved in PHC (Lucassen et al., 2001) . In addition, difficulties in the referral process, low-skilled professionals at genetic services, and knowledge gaps in genetics have been identified as the three main bottlenecks in the delivery of genetic services (Lucassen et al., 2001; Skirton et al., 2015) .
Another challenge identified in our study is the accurate documentation of family history (Qureshi et al., 2012) . Family history has been described as a key element in disease prevention and has been proposed as the main low-cost genomic technology to evaluate the risk of a recurrent disease with genetic predisposition in family practice (Valdez et al., 2010; Maradiegue et al., 2013; Flória-Santos et al., 2016) . Many participants (44.4%) had never used pedigrees as a tool to register family history, reinforcing findings in previous reports indicating that this tool is underutilized (Qureshi et al., 2012) . Pedigrees are essential to understand factors that might contribute to the risk of familial illness, and the literature highlights the need to integrate this tool into healthcare professional's daily practice, as well as its inclusion into patient medical records (Lea, 2002; Flória-Santos et al., 2013; Maradiegue et al., 2013) .
Genetic counseling is also considered a powerful communication strategy to evaluate the recurring risks of a genetic disorder (Horovitz et al., 2006; Silva et al., 2013b; McWalter et al., 2015; Skirton et al., 2015) . However, GC demands specific knowledge to address family health needs in order to provide information on risk assessment, prognosis, and prevention options. Our results showed that most professionals have never performed GC, nor are they familiar with this strategy or feel prepared to assess clinical genetic cases.
Genetic counseling is not only a transmission of information, but also a process that helps individuals understand and adapt to the medical, psychological, and family implications of a genetic disease (Resta et al., 2006; Skirton et al., 2015) . A survey exploring Italian nurses' understanding and attitude toward genomics-based health care found that 61% believed GC was only an informative and advisory process, and 53.9% could not specify who needed GC. When asked to identify nurses' role in genomics-based health care, 62% of the respondents believed they had no role, although 28% believed that nurses could provide information, support, and counseling. These findings indicate that nurses have only partial knowledge of the issues surrounding genomics-based health care, and there appears to be a need to include more genetic contents into nurses' training programs, in particular with regard to GC and medical genetic issues (Godino et al., 2013) . Because the low priority of genetics in nursing appears to be a global issue, it is unsurprising that nurses in Brazil do not recognize the relevance of genetics to their practice (Kirk et al., 2011) . Therefore, to prepare nurses for the post-genomic era, improved genetic education at the undergraduate and postgraduate levels is required .
In Brazil, almost all patients and families affected by genetic illnesses are largely unfamiliar with their clinical condition (Flória-Santos et al., 2013 Silva et al., 2013b) . The government needs to provide more financial support for the inclusion and integration of genetic services in primary care in order to establish more effective family practice (Lopes-Júnior et al., 2014a; Passos-Bueno et al., 2014; McWalter et al., 2015) . The World Health Organization supports this idea, indicating that GC is both feasible and necessary in PHC (World Health Organization, 2004) . Introducing public policies to care for people with genetic diseases or predisposition to these diseases can strongly contribute to healthcare delivery, support, treatment, and prevention of genetic comorbidities and will benefit an increasing number of people. Regulation of these public policies will help create a new healthcare model with new perspectives, without necessarily involving the establishment of new services with increased costs -the existing network and resources can be utilized. The development of a network of clinical genetics services is crucial to enhance care quality in a comprehensive, problem-solving, and democratic way Lopes-Júnior et al., 2014a ,2014b Passos-Bueno et al., 2014) .
In January 2014, through Ordinance 199, the Ministry of Health introduced and approved the National Policy for Rare Diseases within the SUS, which encompasses some aspects of the NPCCCG assessed in this study. An important contribution of the policy is the need to train professionals to perform GC (Brazil, 2014; Lima & Horovitz, 2014; Ashton-Prolla et al., 2015) .
The results of our research will contribute to the development of strategies to incorporate genetics/genomics into PHC in resource-limited countries. Insufficient genomics education and a lack of genomics awareness among healthcare professionals and the general public are two perspectives on the same issue, which hinders the smooth incorporation of genomic medicine into clinical practice. On the one hand, the majority of healthcare professionals stated that they feel insufficiently trained in genomics to be able to engage in the delivery of genome-based health care. On the other hand, patients and the broader public tend to have low genomic literacy, which impairs their capacity to successfully integrate genome-based information into their personal decision-making, which is a challenge for public health genomics and, especially, for the field of health literacy (Syuruna et al., 2011; Mitropoulos et al., 2015) . It is notable that, in countries like Brazil and Colombia, some initiatives have succeeded in implementing genetic and genomic approaches for the study of several human diseases, with high epidemiological impact (World Health Organization, 2004; Horovitz et al., 2013; Passos-Bueno et al., 2014 ). An equally important element helping to implement genomics in these countries is the availability of commercial tests by service providers abroad (Snyder et al., 2014) . As genome-based drug treatment can contribute to the reduction of national health care expenditure, mostly by reducing hospitalization as a result of various adverse drug reactions, this need is more urgent than ever, particularly in resource-limited countries, which, in many cases, have vast fiscal deficits (Snyder et al., 2014) .
As far as the Brazilian context, much remains to be done with regard to the prevention and management of genetic diseases. This would fit well into PHC, because this level of care comprises low cost and efficiency. The development of continuing education programs for nurses and physicians in PHC is essential in order to keep them updated and trained to provide health care based on genetics/genomics. Moreover, it highlights the importance of strategies to investigate how professionals are using genetic information and the impact of their experiences in PHC.
The education of practicing healthcare professionals is likely to be a factor that will encourage the appropriate integration of genomics into routine clinical practice. For genetics and genomics advances to impact the health of the population, providers in all settings must have the adequate skills to use genetic information to identify individuals at increased risk for diseases and to implement appropriate risk management. As the discussion about the challenges of integrating genetics and genomics into clinical practice is ongoing, critical evaluation of the approaches being taken to move providers from awareness to implementation is needed. Additionally, education could be offered to providers with differing levels of experience and skill needs, which would help to prepare the broad workforce for genomic-based health care (Reed et al., 2016) .
Implementation of genomic-based health care in developing countries will only be possible if stronger collaboration in genomics research is established between developed and developing countries, which would likely create benefits for all. To this end, developing countries will undoubtedly benefit from training opportunities, knowledge transfer, and expanding transnational networks, while developed countries are likely to benefit through comparative work and multicenter projects on families with rare diseases or unique clinical features (Cooper et al., 2014) . The successful implementation of genomic-based health care in resource-limited countries is reliant on the harmonization of strategies and policies for the faster and smoother adoption of genomic advances in the various national healthcare systems (Syuruna et al., 2011; Mitropoulos et al., 2015) .
Limitations and recommendations for future research
This study included nurses and physicians working in primary care settings in one Brazilian city, thus, the sample size was small. Although the response rate was very good (90%), further research is needed to establish whether nurses' and physicians' knowledge and experience of genetics in primary care is reflected across different contexts in Brazil. Further research with a large population encompassing healthcare professionals in PHC from other regions is needed to confirm the results obtained in our study. We acknowledge that our study includes the following limitations: (i) the absence of six potential physicians as participants, which may have affected the overall results; (ii) the use of a questionnaire developed by the research team, for which content and face validation was performed; and (iii) the reliability of the participants' recall with regard to their genetics education, which may have occurred, in some cases, well over 10-20 years ago. However, we highlight that selection bias was minimized as we interviewed all of the nurses and physicians in all FHUs in the city. In addition, we were unable to find any previously used validated questionnaire that would have served the purpose of surveying nurses and physicians on this topic. Future research could also focus on a universal definition of empowerment on genetics and genomics in PHC, applicable in nursing as well as in medicine. For instance, a study could be conducted on the ways in which nurses and physicians perceive their empowerment in primary care settings and how empowerment influences their role.
In 2012, a Genomic Nursing State of the Science Advisory Panel was convened to develop a blueprint for genomic nursing science. The panel suggested that research focused on the value of nursing in the delivery of effective genomics-based health care for individuals, families, communities, and populations would accelerate the translation of evidence into practice, which is critical to move health care forward. Increasing the capacity of nurse scientists in genetics, genomics, and epigenetics would promote the application of research discoveries to benefit individuals and to improve healthcare outcomes (Calzone et al., 2013) .
Furthermore, it is important to consider three additional critical steps that are yet to be achieved: (i) core genomic nursing competencies must be mapped in academic curricula and aligned with national policies; (ii) standardized tools must be developed to evaluate genomic nursing competence at basic and advanced levels in academia and in practice, particularly in primary care; and (iii) accreditation standards for genetic nursing education need to be developed in graduate programs for specialty tracks in genomics (Skirton et al., 2012b; Anderson et al., 2015) .
Finally, the main reason for incorporating genetics education is not only to assist resource-limited countries, but also to encourage the more rapid adoption of new findings, which is currently hindered by a poor understanding of the potential that genetics and genomics offer to rationalize care, medical diagnosis, and treatment (Mitropoulos et al., 2015) . Worldwide, many national policies promote genomics-based health care (Cooper et al., 2014; Anderson et al., 2015; Mitropoulos et al., 2015) . However, it is important to understand that nurses' and physicians' self-confidence is influenced by multiple factors, including designated role descriptions, models of care, professional collaborators, clinical guidelines, and clinical practice policies. Policy and system changes, along with knowledge uptake, skills, and a positive attitude about changing practices in genetics and genomics are needed to boost self-confidence among nurses and physicians in family practice at the PHC level (Anderson et al., 2015) .
CONCLUSIONS
Brazilian public health nurses and physicians are not adequately genetically or genomically informed to broaden genomic-based health care delivery for their patients in PHC. This study demonstrated a need for ongoing training for healthcare professionals in genetics and genomics. Knowledge and skills should be incorporated into practice in order to enhance health outcomes. The recent approval and regulations of the National Policy for People with Rare Diseases in Brazil will assist in creating a new perspective for care in response to the needs of the population. As a final note, although physicians and nurses in PHCs are not prepared to deal with genetic and genomics issues in this practice setting, they acknowledge the importance of the NPCCCG and believe that genomicbased health care in PHC could be delivered without the need for highly complex laboratory techniques.
